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Abstract 
To solve the looming problem of water shortage. A set of scientific and objective 
evaluation, prediction and intervention measures system is the key to solve the problem 
of water shortage. So our team came up with such a system. First, we put forward 8 
indicators from two aspects of material shortage and economic shortage. The grey 
correlation coefficient of each index is calculated, and then the water resource 
evaluation index WRI is obtained. Second, we use this evaluation system to evaluate five 
representative countries. The analysis of the reasons for the lack of water resources in 
this region is highly consistent with the indicators proposed by our evaluation system, 
proving that our indicators and evaluation system have advantages in water resources. 
We then conducted a comprehensive assessment of Yemen. Predicting the water 
resources situation in Yemen in the next 15 years through the GM (1, 1) model. Finally, 
in order to solve the problem of water resources in Yemen, we provide a complete set of 
indicators improvement plan for the Yemen government to refer to, and use the GM(1, 1) 
forecast to improve our plan. If the Yemen government can strictly follow our 
improvement plan, Water scarcity in Yemen will be improved. 

Keywords 
Grey Association Degree Analysis; Grey Prediction Model; Intervene Yemeni Water 
Resource. 

 

1. Background 

At present, according to the United Nations, there are about 3.6 billion people, which is equivalent to 
nearly half of the global population living in water-scarce areas, which means that there is at least 
one month of water shortage in a year, and this number of people may grow to 2050. 

There are two reasons for water scarcity: physical scarcity and economic scarcity. Physical scarcity: 
Freshwater resources are very limited resources. Terrestrial freshwater accounts for only 6% of global 
water resources. Only 0.4% of fresh water is available for human life. Economic shortage: The 
backward agricultural irrigation technology in some developing countries has resulted in huge waste. 
The industrial reuse rate is less than 1/3 of that in developed countries. The waste is serious and the 
recycling rate of sewage is low. 

According to Audrey Azura, Director-General of UNESCO, we need to develop new ways of using 
water to meet the challenges posed by population growth and climate change. Without action, by 
2050, nearly 5 billion people will live in areas with insufficient water supplies. Therefore, the shortage 
of water resources has become an urgent problem to be solved. 
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2. A Model that Measures an Area’S Ability to Provide its Popu-lation with 
Clean Water 

2.1 Determine the Parent Sequence 

The basic idea of grey relational analysis is to judge whether the connection is close or not according 
to the similarity of the geometric shapes of the sequence curves. The closer the curves are, the greater 
the correlation between the corresponding sequences, and vice versa. 

To analyze an abstract system or phenomenon, we must first select the data sequence that reflects the 
characteristics of the system behavior, which is called finding the mapping quantity of the system 
behavior, and using the mapping quantity to indirectly represent the system behavior. For example, 
the average number of years of education received by the people is used to reflect the level of 
educational development, and the incidence of criminal cases is used to reflect the social security and 
social order. Therefore, to measure the ability of an area to provide clean water to meet the needs of 
its population, the total water supply will be used as the mapping quantity, called the parent sequence, 
and the rest of the indicators will be used as subsequences. 

2.2 Data Dimensionless Processing 

The picture shows the indicator data collected from China as an example. Because the above factors 
are indicators of different things, there may be large numbers and small numbers, but this is not 
determined by their inherent nature. but only due to different dimensions, so they need to be 
dimensionless. After the operation, you can reduce the difference of the absolute value of the data, 
unify them to an approximate range, and then focus on its changes and trends. Because of the huge 
amount of computation, this function will be implemented through MATLAB. 

 

Table 1. China’s historical data 
Y TWS TWR P GDP IAV STV URB PG 

2000 5530.7 27701 126743 10.03 4.86 113.56 36.22 1765 
2001 5567.4 26868 127627 11.09 5.3 119.69 37.66 1696 
2002 5497.3 28261 128453 12.17 5.77 134.94 39.09 1641 
2003 5320.4 27460 129227 13.74 6.69 148 40.53 1594 

... ... ... ... ... ... ... ... ... 
2016 6040.2 32500 138271 74.36 37.32 448.79 57.35 1786 
2017 6043.4 28800 139008 82.71 41.22 465.49 58.52 1723 
2018 6015.5 27500 139538 91.93 46.11 497.61 59.58 1523 
2019 6021.2 29000 140005 99.09 51.41 536.96 60.6 1465 
2020 5812.9 31000 141232 101.6 58.66 557.32 63.89 1246.5 

2.3 Forward Processing 

In the multi-indicator comprehensive evaluation, some are indicators that the larger the index value 
is, the better the evaluation is, which are called positive indicators); The index with a better value is 
called a moderate index. In the comprehensive evaluation, the index must be co-trend first. Generally, 
the reverse index and the moderate index are converted into a positive index, so it is also called the 
positive index of the index. 

As shown in the figure, the birth population growth is a reverse indicator, and the rest are positive 
indicators, so the birth population growth needs to be processed positively. 

2.4 Normalization 

The data is normalized by the method of averaging. The specific method is: dividing the data of the 
index sequence by the mean value. Since the mean value of the sequence with a large order of 
magnitude is relatively large, it can be normalized to the order of 1 after removing it. The data after 
normalization and normalization are shown in the figure. 
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Table 2. Normalization 
TWS TWR P GDP IAV STV URB PG 
0.943 1.002 2.020 0.215 0.189 0.365 0.735 0.119 
0.949 0.972 1.896 0.238 0.206 0.384 0.764 0.511 
0.937 1.022 1.781 0.261 0.224 0.433 0.793 0.823 
0.907 0.993 1.673 0.295 0.260 0.475 0.822 1.090 

... ... ... ... ... ... ... ... 
1.030 1.176 0.413 1.594 1.452 1.441 1.163 0.000 
1.030 1.042 0.310 1.773 1.603 1.494 1.187 0.358 
1.026 0.995 0.236 1.971 1.794 1.597 1.209 1.493 
1.027 1.049 0.171 2.125 2.000 1.724 1.229 1.823 
0.991 1.122 0.000 2.178 2.282 1.789 1.296 3.063 

2.5 Calculate the Grey Correlation Coefficient 

The formula for calculating the grey correlation coefficient is as follows: 
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xi(k) represents the k-th value of the i-th factor, and x0(k) represents the column where the mother 
sequence is located; Take tabular data as an example:x0(0) is the data of the parent series water supply 
series in 2012, specifically 1.0135; x0(1) is the data of total water resources in 2012, specifically 
1.149. Y (x0(k), xi(k))represents the correlation coefficient relative to the k-th item of the i-th 
subsequence of the k-th item of the parent sequence, that is, the degree of correlation relative to the 
parent sequence; is an adjustable coefficient with a value of (0,1). The purpose of this item is to adjust 
the difference between the output results. Generally, it is set to 0.5 to ensure that the correlation 
coefficient is at (0,1). The figure shows the gray correlation coefficient value of each indicator, and 
finally the correlation value of each indicator in different dimensions is calculated as the average value 
as the correlation coefficient value. 

 

Table 3. The value of the grey correlation coefficient 
TWS TWR P GDP IAV STV URB PG 

1 0.946 0.490 0.587 0.579 0.642 0.833 0.557 
1 0.978 0.522 0.593 0.582 0.647 0.848 0.703 
1 0.924 0.551 0.605 0.592 0.673 0.878 0.901 
... ... ... ... ... ... ... ... 
1 0.962 0.756 0.834 0.752 0.858 0.967 0.821 
1 0.953 0.712 0.761 0.701 0.806 0.935 0.685 
1 0.974 0.668 0.716 0.704 0.755 0.914 0.777 

 

Table 4. Average 
 TWS TWR P GDP IAV STV URB 

Average value 0.156 0.146 0.107 0.107 0.106 0.118 0.141 

2.6 Calculate the Water Evaluation Index 

Calculation formula: 

 


m

1
0 ))(),(()( kxkxYkxH iFik                         (2) 
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mis the total number of i, that is, the number of elements,k is the number of columns where the index 
elements are located, and Y (x0 (k) , xi (k)) is the average value of the gray correlation coefficient of 
each index. The calculation result is shown in the following figure: 

 

 
Figure 1. Graph of volume change over time 

2.7 Practice Test 

In order to verify that our model can effectively assess the water resources situation of various 
countries in the world, we selected 5 relatively representative countries from countries with different 
levels of water scarcity to conduct water shortage analysis, and calculated the WRI value of each 
country from 2011 to 2020. Data, such as table x, and using a line chart as shown in x, represent: 

 

Table 5. Practice test data 
Country 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 
America 2.567 2.587 2.588 2.568 2.634 2.645 2.657 2.702 2.755 2.756 

UK 1.77 1.802 1.786 1.821 1.833 1.855 1.865 1.872 1.879 1.878 
Brazil 3.323 3.324 3.523 3.432 3.331 3.322 3.341 3.233 3.367 3.329 
Egypt 0.355 0.334 0.321 0.323 0.311 0.299 0.303 0.295 0.288 0.276 
Yemen 0.242 0.234 0.232 0.227 0.215 0.203 0.195 0.193 0.186 0.175 

 

 
Figure 2. Comparison of WRI values in some countries in the past 10 years 

 

According to our analysis, it is concluded that Brazil has the most abundant water resources index, 
followed by the United States, and the United Kingdom has a medium level of water resources index, 
which is slightly higher than that of China when we established the index. Egypt and Yemen have a 
water resource index of 0-1. between, and there is a gradual downward trend. The reason why Brazil’s 
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water resource index is so high is because the Amazon River that traverses northern Brazil is the 
longest, deepest, widest and largest river in the world. The sum of the flow of the next 9 major rivers. 
Relying on such a powerful freshwater river, Brazil has the world’s largest water resource. The total 
amount of water resources in the United States is 2,970.2 billion cubic meters. Compared with such 
abundant freshwater resources, the population of the United States is not large. The per capita water 
resources are close to 12,000 cubic meters, making it one of the countries with richer water resources. 
In addition to the Mississippi River, Colorado River and other major rivers, there are five major 
freshwater lakes in the north. At the same time, the United States has a very high industrial level, and 
its sewage treatment capacity ranks among the top in the world, which is one of the reasons for the 
high water index in the United States. The per capita water resources in the UK are 2,700 cubic meters, 
which is not much compared with countries with inherently rich water resources, but the British 
government attaches great importance to the protection of groundwater resources. The promulgation 
of the Pollution Control Act 1974, the Environmental Protection Act 1990, the Water Resources Act 
1991, the Industry Act 1991, the Planning and Compensation Act 1991 and other laws and regulations 
have made the UK’s water resources protection level quite high, which also shows the awareness of 
environmental protection Importance of water conservation. Egypt is located in North Africa. It is a 
country with severe drought and water shortage. Industry, agriculture and domestic water all rely on 
the Nile River. Egypt’s per capita water resources are less than 1,000 cubic meters, and the whole 
territory is dry and rainy. Cairo’s annual rainfall is only 31 mm, but the ground evaporation is as high 
as 1,020 mm. And since the 1990s, due to the surge in Egypt’s population, industrial, agricultural and 
domestic wastewater has also increased significantly, and the ecological environment has been 
severely damaged due to the lack of effective governance. Therefore, Egypt is a country with severe 
water shortage. Yemen’s annual per capita water consumption is less than 135 cubic meters, the 
lowest in the world, and 13.1 million of its more than 24 million people lack access to standard 
drinking water and sanitation. The international poverty line for water use is 1,000 cubic meters per 
capita per year, and the average per capita water consumption in international middle-sized countries 
is 7,500 cubic meters. It is expected that by 2025, the per capita water consumption in Yemen will 
drop to 65 cubic meters. Yemen’s annual renewable water resources are about 2.5 billion cubic meters, 
while the Middle East’s renewable water resources are 348.3 billion cubic meters per year. An 
international report estimates that 4.5 million children in Yemen live in households that lack access 
to clean water. As one of the countries with the most shortage of water resources in the world, the 
main reason for the deterioration of the water resources situation in Yemen is the serious reduction 
of groundwater resources, which are 90According to the above analysis, it is verified that our water 
resource index WRI can accurately reflect the level of water resources in a country. 

2.8 Establish a Reference Interval 

Referring to the United Nations standards for the division of water scarcity and wealth, we substituted 
boundary data into the model analysis, and obtained the following reference standard table of WRI: 

 

Table 6. Practice test data 

Interval Water resource situation 

WRI>3.126 Extremely rich  

 2.521<WRI<=3126 More abundant  

 1.324<WRI<=2.521 generally rich 

0.526<WRI<1.324, General shortage 

2.57<WRI<=0.526 relatively short  

WRI<2.57 Extremely deficient 

Interval Water resource situation 
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3. Our Example: Yemen 

As one of the countries with the poorest per capita water resources in the world, Yemen’s increasingly 
depleted water resources are seriously restricting Yemen’s economic and social de- velopment, and 
it has become the biggest bottleneck for Yemen to get rid of poverty and promote economic 
reconstruction. An in-depth analysis of Yemen’s ability to provide clean water to meet the needs of 
its population can help alleviate water supply problems caused by water scarcity in Yemen. And 
according to our WRI standard, Yemen is a country with extremely scarce water resources all the 
year round. Specifically, the following 8 indicators will be considered: 

3.1 Total Water Supply 

 
Figure 3. Total water supply 

 

The international poverty line for water use is 1,000 cubic meters per capita per year, and the average 
per capita water consumption in international middle-level countries is 7,500 cubic meters. However, 
the total annual water supply in Yemen is less than 2 billion cubic meters, and the annual per capita 
water consumption is even lower than 135 cubic meters, which is the lowest in the world. In addition, 
13.1 million of its nearly 30 million people do not have access to adequate drinking water and 
sanitation. 

This phenomenon is the result of the combination of the already unbearable geographical conditions 
and the poor economy. 

 

 
Figure 4. Total water resources 

 

In recent years, the average annual water resources in Yemen is about 2.5 billion cubic meters, while 
the average annual consumption is 2.8 billion cubic meters, which requires a large amount of imported 
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water, which is one of the reasons for the lack of Yemen’s economy. In addition, Yemen’s annual 
new water volume is 1.1 billion cubic meters, and the minimum annual water consumption is at least 
1.8 billion cubic meters. The annual water supply gap is at least 700 million cubic meters,resulting in 
a continuous decrease in the total amount of water resources in Yemen. Import water, thereby further 
deteriorating the economy. 

3.2 Population and Birth Population Growth 

 
Figure 5. Population and birth population growth 

 

The population of Yemen has reached 29.826 million by 2020, and the limited water resources are 
even more stretched against such a large population base; in addition, as one of the least developed 
countries, Yemen has a very high The annual birth rate has led to an increase in the number of births 
in Yemen every year, making it more difficult for the population to demand the already scarce water 
resources. 

3.3 Total GDP 

 
Figure 6. Total GDP 

 

The total GDP of Yemen showed a slow upward trend from 2011 to 2014, and then showed a sharp 
downward trend. Especially in 2015, due to the aggravation of the war, it showed a linear decline, 
which led to Yemen’s economic development and control of water resources. The subsequent 
reduction, and the poorer water resources restrict economic development, thus forming a vicious 
circle. 

3.4 Industrial Added Value 

Yemen is a typical agricultural and animal husbandry country. More than half of the country’s 
population is invested in agricultural production, resulting in a very backward industrial development 
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in Yemen. Compared with developed countries, the industrial added value tends to be 0. This greatly 
indicates that Yemen develops and treats water. The capacity of resources is extremely backward. 

 

 
Figure 7. Industrial added value 

3.5 Wastewater Treatment Rate 

 
Figure 8. Wastewater treatment rate 

 

The amount of sewage treatment is not only the embodiment of the national awareness of 
environmental protection, but also the embodiment of a country’s ability to master advanced 
technologies. Compared with developed countries, Yemen’s sewage treatment volume tends to be 
almost no, which not only makes it difficult to alleviate the problem of water shortage in Yemen, but 
also reflects the backward international status of Yemen. The amount of sewage treatment is not only 
the embodiment of the national awareness of environmental protection, but also the embodiment of a 
country’s ability to master advanced technologies. Compared with developed countries, Yemen’s 
sewage treatment volume tends to be almost no, which not only makes it difficult to alleviate the 
problem of water shortage in Yemen, but also reflects the backward international status of Yemen. 

3.6 Urbanization Rate 

Yemen’s urbanization rate has increased slightly in recent years, but compared with other countries, 
Yemen’s urbanization rate is relatively low, and urban development has been slow due to years of 
war. In addition, due to the large shortage of water resources, the water supply capacity has gradually 
deteriorated. 

 



International Core Journal of Engineering Volume 8 Issue 5, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202205_8(5).0045

 

372 

 
Figure 9. Urbanization rate 

4. Yemens 15-year Water Resource Forecast 

4.1 Building a Predictive Model 

4.1.1 Introduction to Grey Forecasting Models 

Grey prediction is to predict the system that contains both known information and uncertain 
information, that is, to predict the time-related gray process that changes within a certain range. Gray 
forecasting processes the original data to find the law of system changes, and generates a data 
sequence with strong regularity, and then establishes a corresponding differential equation model to 
predict the future development trend of things. For our task, each country contains a certain part of 
unknown information, so we use a gray prediction model to predict the H value calculated in task one. 

GM (1,1) is to use the original discrete non-negative data sequence to generate a new discrete data 
sequence that weakens the randomness by one accumulation, and then through the establishment of 
the differential equation model, the solution at the discrete point is obtained after accumulation. 
Subtracts an approximate estimate of the raw data generated, thereby predicting the subsequent 
development of the raw data. as the picture shows. Obviously, the WRI value proposed in this paper 
is a discrete non-negative data column, which can be solved by applying this model. 

Let            nxxxx 0000 ,...,2,1 be the original non-negative data column, we accu- mulate it once 

to get a new generated data column            nxxxx 1111 ,...,2,1 Among them, 

 

     



m

i

nmixmx
1

01 ...,2,1,                            (3) 

 

Let z(1) be the adjacent mean of the sequence x(1) to generate a sequence, that is, 

 
           nzzzz 1111 ,...,2,1                            (4) 

 

Of which: 

 
           nzzzz 1111 ,...,2,1                            (5) 

 

We call equation x(0) (k) + az(1) (k) = b the basic form of the GM(1,1) model (k = 2, 3, ..., n). 
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Among them, b represents the amount of ash action, −a represents the development coefficient. 

Using OLS estimation we can get b and a. 

For the albinized equation if we take the initial value 
     1ˆ 0

1

1 xtx
t




  

We can find its corresponding solution as: 
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If you want to predict the original data, just take m ≥ n from the above formula. 

4.1.2 Testing and Evaluation 

When predicting future data using the GM (1, 1) model, we need to first test the fit of the GM (1,1) 
model to the original data (the effect of making the original data back). There are generally two testing 
methods: (1) Residual difference test: Absolute residuals: 

 

        nkkxkxk ,...,3,2,ˆ 00                          (8) 

 

Relative residue: 
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                      (9) 

 

Average relative residuals: 

 

   



n

k
r kn

k
21

1                                (10) 

 

If   %20＜k It is considered that GM (1,1) fits the original data meets the general requirements. 

If ε (k) < 10%GM (1,1) is considered very good in fitting the original data. 

When 2＞a the following conclusions are given in the textbook. At the time, the model was 

meaningless; the model was only meaningful. 

When a takes different values, the final effect of the prediction is different. It is discussed as follows: 
When -a<0.3 , the GM (1,1) model is suitable for the prediction of medium and long-term data. 
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When 0.3 <-a< 0.5, the GM (1,1) model is suitable for short-term prediction, and medium-and long-
term data prediction should be used with caution.The GM <1,1) model should be used with caution 
(1,1). 

When 0.5 < -a< 0.8 for predicting short-term data. 

When 0.8 <- a <1.0, GM (1,1) (see a 1.0).When a a> 1, the GM (1,1) model is not suitable for 
prediction. 

Therefore, we can determine the applicability based on the above range comparison of the predicted 
a. 

4.1.3 The New Supersedes the Old GM(1,1) 

Set the number of raw data columns: 

 
           nxxxX 0000 ,...,2,1                         (11) 

 

The GM (1,1) model established with the original number of data columns is called the full data GM 
(1,1); 

The GM (1,1) model established with            nxxxX 0000 ,...,2,1  is called a partial. 

data GM (1,1),the established model is the New Information GM (1,1); 

Put x(0) (n + 1)in the latest information, x(0) (n + 1)will be placed inX(0).The model built with the 
original columns is called the metabolic GM (1,1). 

From the simulation accuracy of the pair, the metabolic model is higher than the new informa- tion 
model.From a predictive perspective, the metabolic model is the most ideal model.With the 
development of the system, the information significance of the old data will be gradually reduced. 

While constantly supplementing the new information, the old information will be removed in time, 
and the modeling sequence can better reflect the current characteristics of the system.Especially when 
the system with the accumulation of mass change, the qualitative leap or mutation, compared with 
the past system, has been beyond recognition.It is obviously reasonable to remove the old data that is 
completely impossible to reflect the current characteristics of the system.In addition, the continuous 
metabolism can also avoid the difficulty of increasing the computer memory and increasing the 
amount of modeling operations with the increase of information. 

In this paper, both traditional GM (1,1) and metabolic GM (1,1) will be used. After the test and 
evaluation of the model in 6.1.4, the one with the smallest error is selected as the result of the final 
prediction. 

4.2 Predictions for the Next 15 Years in Yemen 

First, we calculated the WRI value of Yemen from 2010 to 2020 using the grey relational model, as 
shown in the following table: Then, the quasi-exponential law test is carried out on the data of this 
decade, and the proportion of data with a smoothness ratio less than 0.5 is 88.8889%, and except for 
the first two periods, the proportion of data with a smoothness ratio less than 0.5 is 100%. In general, 
when the proportion of data with a smoothness ratio less than 0.5 is greater than 60%, and except for 
the first two periods, when the proportion of data with a smoothness ratio less than 0.5 is greater than 
90%, we believe that this group of data can pass the quasi-exponential test. 

 

Table 7. Practice test data 
 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

Yemen 0.242 0.234 0.232 0.227 0.215 0.203 0.195 0.193 0.186 0.175 
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Figure 10. Quasi-exponential test 

 

Since the number of periods in the original data is greater than 4, we can divide the data group into 
training group and experimental group. The training data are: [0.242 0.234 0.232 0.227 0.215 0.203 
0.195]. The test data are as follows: [0.193, 0.186, 0.175]. Next, we perform traditional GM (1, 1) 
model prediction, new information GM(1,1) model prediction, and metabolic GM(1,1 ) model 
prediction on these data. The prediction process is carried out in matlab and will not be repeated here. , 
the prediction results are as follows: The traditional GM(1,1) error sum of squares for the prediction 
of the experimental group is 5.244e-05 The new information GM(1,1) has an error sum of squares of 
1.9478e-05 for the prediction of the experimental group The sum of squares of errors predicted by 
metabolic GM(1,1) for the experimental group is 1.9458e-05 Because the sum of squared errors of 
the metabolic GM(1,1) model is the smallest, for this set of data, we should choose the metabolic GM 
(1, 1) to predict the future 15-period data, and the results are as follows: 

 

Table 8. Practice test data 
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 
0.170 0.166 0.158 0.152 0.147 0.141 0.136 0.131 0.126 0.122 0.117 0.113 0.109 0.105 

 

 
Figure 11. Model prediction 
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Then we performed the model evaluation and got the average relative residual to be 0.013744; the 
average grade ratio deviation was 0.015401. The data of relative residuals and mean grade ratio 
deviation are as follows: The results show that the model fits the original data very well. 

From our model analysis, we can see that without reasonable intervention, Yemen’s water resource 
index will drop by another 50% from the current level in 15 years, and Yemen, which is already short 
of water resources, will face a situation of no water available. 

 

 
Figure 12. Data for relative residuals and mean grade ratio deviations 

5. Intervention in Yemen 

5.1 Intervention Program for Yemen 

The plan is to improve Yemen’s water system from the eight indicators covered in the model.  

A: Total water supply and industrial added value 

Under the premise of the lack of total water resources, the total water supply in Yemen is not 
optimistic, but its main influencing factors are not only the lack of total water resources, but also the 
low level of industrialization. Increasing investment in water supply equipment in pumping stations, 
pipe networks and water tanks in water plants and increasing the degree of industrialization can 
effectively improve the total water supply, thereby increasing the WRI value in Yemen. 

Impact: For Yemen’s water ecosystem, if the total water supply is increased on the premise that the 
total amount of water resources remains unchanged, since Yemen’s water resources are in a state of 
insufficiency, the total consumption of water resources in Yemen will be aggravated, which will lead 
to the development of the Yemen water ecosystem. Collapse, but the total amount of water resources 
will not be constant. If changes in the total water resources in Yemen can match the changes in water 
supply, that is, the normal circulation of Yemen’s water ecosystem, the WRI value will be greatly 
increased in the short term, that is, to meet the water demand of the population. 

In addition, for the surrounding areas, due to the increased water storage and water supply in Yemen’s 
water plants, it is inevitable that the total amount of water resources in the surrounding areas will 
decrease. 

B: Total water resources and industrial added value 

The lack of total water resources is the fundamental reason for the shortage of water resources in 
Yemen, so it is essential to increase the total water resources. Yemen is close to the Red Sea, the Gulf 
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of Aden and the Arabian Sea, and has abundant seawater resources. The total amount of water 
resources can be increased by desalination, but the cost of seawater desalination is high, so reducing 
the cost of seawater desalination must be considered. To achieve the above goals, it is necessary to 
increase the degree of industrialization. 

Impact: The development of seawater resources has no impact on the earth’s water ecosystem, but 
for Yemen’s water ecosystem, it increases the total amount of available water resources and also 
increases the amount of recyclable water resources, which is conducive to fundamentally solving 
water resource problems. And for the surrounding areas, the total amount of available water resources 
will also increase. 

C: Population and birth population growth 

Yemen’s population base is particularly huge relative to the total water resources, especially, when 
the population is still increasing year by year, the total water resources are even more insufficient. 
Therefore, appropriate control of population growth can help alleviate the current water shortage in 
Yemen and increase the WRI value in the short term, but it cannot fundamentally solve the problem, 
so it is not a long-term solution. 

D: total GDP 

It can be seen from 7.1 and 7.2 that it is imperative to increase the degree of industrialization, but to 
achieve the goal of increasing the degree of industrialization, there must be huge economic support, 
so the construction of Yemen’s national economy must be strengthened. The specific measures are as 
follows: 

To develop diversified industries and avoid paying too much, relying solely on oil exports as the only 
source of the country’s economy can drive the development of local agriculture in Yemen through 
oil exports, and then the two will jointly drive industrial development. Seek international assistance. 
Improve the environment and increase investment. Use the economy to drive the degree of 
industrialization. After the degree of industrialization increases, the ability to utilize water resources 
will be improved. After the water resources problem is solved, the economy will also break through 
the bottleneck, thus forming a virtuous circle, and the overall WRI value will increase accordingly. 

Impact: The development of diversified industries can stably improve the economy. The improvement 
of Yemen’s economy will drive the improvement of the economy of surrounding areas, but the 
development of diversified industries will increase the demand for water supply, thereby aggravating 
the collapse of the water ecological cycle system; 

Improving the environment and increasing investment can increase the total amount of water 
resources and economic development. It is beneficial and harmless to the surrounding areas, but the 
effect is slow and the initial investment is large, which may break the capital chain in Yemen. 

E: Sewage treatment and total water supply 

The amount of sewage treatment directly affects the development of the total water supply, and it is 
also an indirect reflection of the degree of industrialization. Improving sewage treatment technology 
and increasing the amount of sewage treatment can directly increase the water supply, thereby 
increasing the WRI value. But as analyzed in 7.4, huge economic support is required. 

F: urbanization rate 

The development speed of urbanization has a direct impact on the water supply capacity, and also 
plays a pivotal role in the modernization development of a country. By increasing industrialization, 
expanding domestic demand, conducting export trade, and solving problems such as employment, 
income and social security of citizens, urbanization has with steady development, the supply of water 
resources is more convenient and efficient. 

Impact: Increasing the amount of sewage treatment means increasing the total water supply, which is 
also closely related to the change in the total amount of water resources, which can change the water 
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quality in the surrounding areas and is conducive to the healthy development of the water ecological 
circulation system. 

5.2 Future Water Availability in Yemen 

According to the changes of various indicators affected by our policy on the Yemen Water Resources 
Index (WRI), if the Yemeni government can seriously consider our plan and strictly implement it, we 
used SPSS to fit various indicators of Yemen in the next ten years, and used the These data are 
substituted into our evaluation system, and the change curve of Yemen’s WRI in the next ten years 
is obtained, as shown in the figure below. 

 

 
Figure 13. Comparison of WRI in Yemen before and after policy implementation 

 

 
Figure 14. Improved WRI value 

 

Based on further predictions, using our improved GM (1,1) model, we find that the new information 
GM(1,1) has the smallest error, as shown in Fig. Using the new information GM (1, 1) to predict the 
data, the WRI value of Yemen in 2030-2050 is obtained as follows: And after error analysis, the 
average relative residual is 0.0064032, and the average grade ratio deviation is 0.011286. The model 
prediction ability is very good. According to our forecast, if our intervention policies are implemented 
effectively, in 2037, Yemen’s WRI value will reach 0.36154, completely out of the water-scarce 
country.  

 

Table 9. Practice test data 
Variety 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 

Before improvement 0.242 0.234 0.232 0.227 0.215 0.203 0.195 0.193 0.186 0.175 
After improvement  0.177 0.184 0.193 0.211 0.225 0.231 0.242 0.255 0.263 0.276 
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Figure 15. Three GM (1, 1) model fitting situations 

 

 
Figure 16. Forecast data 

 

 
Figure 17. The relative residual and Class ratio dispersion 
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2046, Yemen will enter the ranks of countries with a general shortage of water resources. 

6. Conclusion 

With the abuse of water resources, a considerable part of the region has serious water shortage 
problems, and water resources are still developing in a bad direction. It is urgent to solve this problem. 
A set of scientific and objective evaluation, prediction and intervention measures system is the key to 
solving the problem of water scarcity. This paper proposes such a system. 

First, we consider two aspects of material shortage and economic shortage, and put forward the total 
regional water resources, regional water supply, industrial prosperity, sewage treatment volume, 
population increase, total GDP, population and population increase. After a series of processing of 
the collected index data using the grey relational degree model, the grey relational degree coefficient 
is calculated, and then the water resource evaluation index WRI is determined, and the WRI is used 
to describe the water supply capacity of a region. 

Second, we used this evaluation system to evaluate the water resources data of five representative 
countries in Brazil, the United States, England, Egypt, and Yemen from 2011 to 2020 by the WRI 
index. The results of the resource survey are highly consistent, and the analysis of the reasons for the 
lack of water resources in this area is also highly consistent with the indicators proposed by our 
evaluation system, which proves that our indicators and evaluation system are superior in water 
resource evaluation. 

Third, we used the WRI evaluation system to conduct a comprehensive assessment of Yemen, which 
is extremely scarce in water resources, and conducted an overall analysis of the causes of water 
shortage in Yemen. The GM (1, 1) model predicts the water resources situation in Yemen in the next 
15 years, and finds that without intervention, Yemen’s water resources may face depletion in 15 years. 

Fourth, in order to help Yemen get rid of the dilemma of extreme water scarcity, we have provided a 
complete set of improvement plans for the indicators for the Yemeni government’s reference, and we 
have improved our plan with a GM (1, 1) forecast. If the Yemeni government can Strictly following 
our improvement plan, Yemen will reach a WRI value of 0.36154 in 2037, breaking away from a 
country with extreme water scarcity. By 2046, Yemen will enter the ranks of countries with a general 
shortage of water resources, and water resources will no longer be a problem affecting the social 
development of Yemen. 

We use grey relational analysis to model, and objectively reflect the basic situation related to water 
resources in the evaluated country from eight different indicators. Get right to the point of pain and 
precisely provide the country’s government with problem-solving interventions. Then, the improved 
GM (1, 1) model is used to predict the WRI value of the evaluated country over the years, so as to 
judge the trend of the water resource comprehensive index (WRI) of the evaluated country under the 
current intervention conditions. 
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